Search for Anomalous WW and WZ Production in ppbar Collisions at sqrt(s) = 1.8 TeV by Collaboration, TD & Abachi, S
VOLUME 77, NUMBER 16 P HY S I CA L REV I EW LE T T ER S 14 OCTOBER 1996Search for Anomalous WW and WZ Production in pp Collisions at
p
s 5 1.8 TeV
S. Abachi,14 B. Abbott,28 M. Abolins,25 B. S. Acharya,43 I. Adam,12 D.L. Adams,37 M. Adams,17 S. Ahn,14
H. Aihara,22 J. Alitti,40 G. Álvarez,18 G.A. Alves,10 E. Amidi,29 N. Amos,24 E.W. Anderson,19 S. H. Aronson,4
R. Astur,42 R. E. Avery,31 M.M. Baarmand,42 A. Baden,23 V. Balamurali,32 J. Balderston,16 B. Baldin,14 S. Banerjee,43
J. Bantly,5 J. F. Bartlett,14 K. Bazizi,39 J. Bendich,22 S. B. Beri,34 I. Bertram,37 V.A. Bezzubov,35 P. C. Bhat,14
V. Bhatnagar,34 M. Bhattacharjee,13 A. Bischoff,9 N. Biswas,32 G. Blazey,14 S. Blessing,15 P. Bloom,7 A. Boehnlein,14
N. I. Bojko,35 F. Borcherding,14 J. Borders,39 C. Boswell,9 A. Brandt,14 R. Brock,25 A. Bross,14 D. Buchholz,31
V. S. Burtovoi,35 J.M. Butler,3 W. Carvalho,10 D. Casey,39 H. Castilla-Valdez,11 D. Chakraborty,42 S. -M. Chang,29
S. V. Chekulaev,35 L. -P. Chen,22 W. Chen,42 S. Choi,41 S. Chopra,24 B. C. Choudhary,9 J. H. Christenson,14
M. Chung,17 D. Claes,42 A. R. Clark,22 W.G. Cobau,23 J. Cochran,9 W.E. Cooper,14 C. Cretsinger,39 D. Cullen-Vidal,5
M.A.C. Cummings,16 D. Cutts,5 O. I. Dahl,22 K. De,44 M. Demarteau,14 N. Denisenko,14 D. Denisov,14 S. P. Denisov,35
H. T. Diehl,14 M. Diesburg,14 G. Di Loreto,25 R. Dixon,14 P. Draper,44 J. Drinkard,8 Y. Ducros,40 S. R. Dugad,43
D. Edmunds,25 J. Ellison,9 V.D. Elvira,42 R. Engelmann,42 S. Eno,23 G. Eppley,37 P. Ermolov,26 O.V. Eroshin,35
V.N. Evdokimov,35 S. Fahey,25 T. Fahland,5 M. Fatyga,4 M.K. Fatyga,39 J. Featherly,4 S. Feher,14 D. Fein,2
T. Ferbel,39 G. Finocchiaro,42 H. E. Fisk,14 Y. Fisyak,7 E. Flattum,25 G. E. Forden,2 M. Fortner,30 K. C. Frame,25
P. Franzini,12 S. Fuess,14 E. Gallas,44 A.N. Galyaev,35 T. L. Geld,25 R. J. Genik II,25 K. Genser,14 C. E. Gerber,14
B. Gibbard,4 V. Glebov,39 S. Glenn,7 J. F. Glicenstein,40 B. Gobbi,31 M. Goforth,15 A. Goldschmidt,22 B. Gómez,1
G. Gomez,23 P. I. Goncharov,35 J. L. González Solı´s,11 H. Gordon,4 L. T. Goss,45 N. Graf,4 P. D. Grannis,42
D.R. Green,14 J. Green,30 H. Greenlee,14 G. Griffin,8 N. Grossman,14 P. Grudberg,22 S. Grünendahl,39 W.X. Gu,14,*
G. Guglielmo,33 J. A. Guida,2 J.M. Guida,5 W. Guryn,4 S. N. Gurzhiev,35 P. Gutierrez,33 Y.E. Gutnikov,35
N. J. Hadley,23 H. Haggerty,14 S. Hagopian,15 V. Hagopian,15 K. S. Hahn,39 R. E. Hall,8 S. Hansen,14 R. Hatcher,25
J.M. Hauptman,19 D. Hedin,30 A. P. Heinson,9 U. Heintz,14 R. Hernández-Montoya,11 T. Heuring,15 R. Hirosky,15
J. D. Hobbs,14 B. Hoeneisen,1,† J. S. Hoftun,5 F. Hsieh,24 Tao Hu,14,* Ting Hu,42 Tong Hu,18 T. Huehn,9 S. Igarashi,14
A. S. Ito,14 E. James,2 J. Jaques,32 S. A. Jerger,25 J. Z. -Y. Jiang,42 T. Joffe-Minor,31 H. Johari,29 K. Johns,2
M. Johnson,14 H. Johnstad,29 A. Jonckheere,14 M. Jones,16 H. Jöstlein,14 S. Y. Jun,31 C.K. Jung,42 S. Kahn,4
G. Kalbfleisch,33 J. S. Kang,20 R. Kehoe,32 M. L. Kelly,32 L. Kerth,22 C. L. Kim,20 S. K. Kim,41 A. Klatchko,15
B. Klima,14 B. I. Klochkov,35 C. Klopfenstein,7 V. I. Klyukhin,35 V. I. Kochetkov,35 J.M. Kohli,34 D. Koltick,36
A.V. Kostritskiy,35 J. Kotcher,4 J. Kourlas,28 A.V. Kozelov,35 E.A. Kozlovski,35 M.R. Krishnaswamy,43
S. Krzywdzinski,14 S. Kunori,23 S. Lami,42 G. Landsberg,14 J-F. Lebrat,40 A. Leflat,26 H. Li,42 J. Li,44 Y.K. Li,31
Q. Z. Li-Demarteau,14 J. G.R. Lima,38 D. Lincoln,24 S. L. Linn,15 J. Linnemann,25 R. Lipton,14 Y.C. Liu,31
F. Lobkowicz,39 S. C. Loken,22 S. Lökös,42 L. Lueking,14 A. L. Lyon,23 A.K.A. Maciel,10 R. J. Madaras,22
R. Madden,15 L. Magaña-Mendoza,11 S. Mani,7 H. S. Mao,14,* R. Markeloff,30 L. Markosky,2 T. Marshall,18
M. I. Martin,14 B. May,31 A.A. Mayorov,35 R. McCarthy,42 T. McKibben,17 J. McKinley,25 T. McMahon,33
H.L. Melanson,14 J. R. T. de Mello Neto,38 K.W. Merritt,14 H. Miettinen,37 A. Mincer,28 J.M. de Miranda,10
C. S. Mishra,14 N. Mokhov,14 N.K. Mondal,43 H.E. Montgomery,14 P. Mooney,1 H. da Motta,10 M. Mudan,28
C. Murphy,17 F. Nang,5 M. Narain,14 V. S. Narasimham,43 A. Narayanan,2 H.A. Neal,24 J. P. Negret,1 E. Neis,24
P. Nemethy,28 D. Nesˇic´,5 M. Nicola,10 D. Norman,45 L. Oesch,24 V. Oguri,38 E. Oltman,22 N. Oshima,14 D. Owen,25
P. Padley,37 M. Pang,19 A. Para,14 C.H. Park,14 Y.M. Park,21 R. Partridge,5 N. Parua,43 M. Paterno,39 J. Perkins,44
A. Peryshkin,14 M. Peters,16 H. Piekarz,15 Y. Pischalnikov,36 V.M. Podstavkov,35 B.G. Pope,25 H. B. Prosper,15
S. Protopopescu,4 D. Pusˇeljic´,22 J. Qian,24 P. Z. Quintas,14 R. Raja,14 S. Rajagopalan,42 O. Ramirez,17 M.V.S. Rao,43
P. A. Rapidis,14 L. Rasmussen,42 S. Reucroft,29 M. Rijssenbeek,42 T. Rockwell,25 N.A. Roe,22 P. Rubinov,31
R. Ruchti,32 J. Rutherfoord,2 A. Sánchez-Hernández,11 A. Santoro,10 L. Sawyer,44 R.D. Schamberger,42
H. Schellman,31 J. Sculli,28 E. Shabalina,26 C. Shaffer,15 H.C. Shankar,43 R.K. Shivpuri,13 M. Shupe,2 J. B. Singh,34
V. Sirotenko,30 W. Smart,14 A. Smith,2 R. P. Smith,14 R. Snihur,31 G. R. Snow,27 J. Snow,33 S. Snyder,4 J. Solomon,17
P.M. Sood,34 M. Sosebee,44 M. Souza,10 A.L. Spadafora,22 R.W. Stephens,44 M.L. Stevenson,22 D. Stewart,24
D.A. Stoianova,35 D. Stoker,8 K. Streets,28 M. Strovink,22 A. Sznajder,10 P. Tamburello,23 J. Tarazi,8 M. Tartaglia,14
T. L. Taylor,31 J. Thompson,23 T.G. Trippe,22 P.M. Tuts,12 N. Varelas,25 E.W. Varnes,22 P. R.G. Virador,22
D. Vititoe,2 A.A. Volkov,35 A. P. Vorobiev,35 H.D. Wahl,15 G. Wang,15 J. Warchol,32 G. Watts,5 M. Wayne,32
H. Weerts,25 A. White,44 J. T. White,45 J. A. Wightman,19 J. Wilcox,29 S. Willis,30 S. J. Wimpenny,9
J. V. D. Wirjawan,45 J. Womersley,14 E. Won,39 D. R. Wood,29 H. Xu,5 R. Yamada,14 P. Yamin,4 C. Yanagisawa,42
J. Yang,28 T. Yasuda,29 P. Yepes,37 C. Yoshikawa,16 S. Youssef,15 J. Yu,14 Y. Yu,41 Q. Zhu,28 Z.H. Zhu,39
D. Zieminska,18 A. Zieminski,18 E. G. Zverev,26 and A. Zylberstejn40
(DØ Collaboration)
1Universidad de los Andes, Bogotá, Colombia0031-9007y96y77(16)y3303(6)$10.00 © 1996 The American Physical Society 3303
VOLUME 77, NUMBER 16 P HY S I CA L REV I EW LE T T ER S 14 OCTOBER 1996
33042University of Arizona, Tucson, Arizona 85721
3Boston University, Boston, Massachusetts 02215
4Brookhaven National Laboratory, Upton, New York 11973
5Brown University, Providence, Rhode Island 02912
6Universidad de Buenos Aires, Buenos Aires, Argentina
7University of California, Davis, California 95616
8University of California, Irvine, California 92717
9University of California, Riverside, California 92521
10LAFEX, Centro Brasileiro de Pesquisas Fı´sicas, Rio de Janeiro, Brazil
11CINVESTAV, Mexico City, Mexico
12Columbia University, New York, New York 10027
13Delhi University, Delhi, India 110007
14Fermi National Accelerator Laboratory, Batavia, Illinois 60510
15Florida State University, Tallahassee, Florida 32306
16University of Hawaii, Honolulu, Hawaii 96822
17University of Illinois at Chicago, Chicago, Illinois 60607
18Indiana University, Bloomington, Indiana 47405
19Iowa State University, Ames, Iowa 50011
20Korea University, Seoul, Korea
21Kyungsung University, Pusan, Korea
22Lawrence Berkeley National Laboratory, Berkeley, California 94720
and University of California, Berkeley, California 94720
23University of Maryland, College Park, Maryland 20742
24University of Michigan, Ann Arbor, Michigan 48109
25Michigan State University, East Lansing, Michigan 48824
26Moscow State University, Moscow, Russia
27University of Nebraska, Lincoln, Nebraska 68588
28New York University, New York, New York 10003
29Northeastern University, Boston, Massachusetts 02115
30Northern Illinois University, DeKalb, Illinois 60115
31Northwestern University, Evanston, Illinois 60208
32University of Notre Dame, Notre Dame, Indiana 46556
33University of Oklahoma, Norman, Oklahoma 73019
34University of Panjab, Chandigarh 16-00-14, India
35Institute for High Energy Physics, 142-284 Protvino, Russia
36Purdue University, West Lafayette, Indiana 47907
37Rice University, Houston, Texas 77251
38Universidade Estadual do Rio de Janeiro, Brazil
39University of Rochester, Rochester, New York 14627
40CEA, DAPNIAyService de Physique des Particules, Centre d’Etudes de Saclay, France
41Seoul National University, Seoul, Korea
42State University of New York, Stony Brook, New York 11794
43Tata Institute of Fundamental Research, Colaba, Bombay 400005, India
44University of Texas, Arlington, Texas 76019
45Texas A&M University, College Station, Texas 77843
(Received 21 June 1996)
We present results from a search for anomalous WW and WZ production in pp collisions atp
s ­ 1.8 TeV. We used pp ! enjjX events observed during the 1992–1993 run of the Fermilab
Tevatron collider, corresponding to an integrated luminosity of 13.7 6 0.7 pb21. A fit to the transverse
momentum spectrum of the W boson yields direct limits on the CP-conserving anomalous WWg and
WWZ coupling parameters of 20.9 , Dk , 1.1 (with l ­ 0) and 20.6 , l , 0.7 (with Dk ­ 0) at
the 95% confidence level, for a form factor scale L ­ 1.5 TeV, assuming that the WWg and WWZ
coupling parameters are equal. [S0031-9007(96)01377-4]
PACS numbers: 13.85.Rm, 12.15.Ji, 13.40.Gp, 14.70.FmSelf-interactions of the electroweak gauge bosons such
as WWg and WWZ are a direct consequence of the non-
Abelian gauge symmetry of the standard model (SM). The
strength of these interactions can be directly measured by
studying gauge boson pair production in pp collisions [1].
For example, WW production is sensitive to the WWg andWWZ couplings and WZ production is sensitive to the
WWZ coupling. Any deviation of these couplings from
their SM values indicates physics beyond the SM.
The WWg and WWZ interactions are generally de-
scribed by a Lagrangian with 14 independent coupling
parameters [2], of which kg and lg for the WWg
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studied. These are CP-conserving coupling parame-
ters. In the SM, Dkgs; kg 2 1d ­ lg ­ DkZs;
kZ 2 1d ­ lZ ­ 0 and the production cross section for
pp ! W1W2XsW6ZXd at ps ­ 1.8 TeV is 9.5 (2.5)
pb [1].
Non-SM (i.e., anomalous) couplings dramatically in-
crease the production cross section and enhance the trans-
verse momentum spectrum of the W boson (pWT ) for large
values of pWT . Therefore a study of the pWT spectrum of
WW sWZd production leads to a sensitive test of the size
of the WWg and WWZ couplings. With anomalous cou-
plings, some helicity amplitudes of the pp ! WW sWZd
processes grow with sˆ, the square of the invariant mass
of the WWsWZd system, and cause the cross section
eventually to violate tree level S-matrix unitarity. To
avoid this, the anomalous couplings are commonly pa-
rametrized as dipole form factors with a cutoff scale L:
Dkssˆd ­ Dkys1 1 sˆyL2d2, lssˆd ­ lys1 1 sˆyL2d2 [1].
Consequently, limits on the couplings Dk and l are de-
pendent on the choice of L.
The DØ Collaboration has reported limits on WWg and
WWZ anomalous couplings from two processes using data
from the 1992–1993 Fermilab Tevatron collider run with
pp collisions at
p
s ­ 1.8 TeV: on the WWg coupling
from a measurement of Wg production [3] and on the
WWg and WWZ couplings from a search for W boson
pair production in the dilepton decay modes [4]. In
this Letter we present a new, independent determination
of limits on the WWg and WWZ anomalous couplings
obtained from a search for pp ! WWX followed by
W ! en and W ! jj, and pp ! WZX followed by
W ! en and Z ! jj, where j represents a jet. Because
of the limited jet energy resolution, we cannot distinguish
WZ events from WW events. This analysis uses the same
data set as in the papers cited above, corresponding to
an integrated luminosity of 13.7 6 0.7 pb21. The CDF
Collaboration has reported a similar measurement [5].
The DØ detector and data collection systems are
described in Ref. [6]. The basic elements of the trigger
and reconstruction algorithms for jets, electrons, and
neutrinos are given in Ref. [7].
The WW , WZ ! enjj candidates were selected by
searching for events containing a W ! en decay and
at least two jets consistent with W ! jj or Z ! jj.
The data sample was obtained with a trigger which
required an isolated electromagnetic (EM) calorimeter
cluster with transverse energy ET . 20 GeV. In off-line
event selection, this EM cluster was required to be within
jhj # 1.1 in the central calorimeter, or 1.5 # jhj # 2.5
in the end calorimeters, where h is the pseudorapidity,
defined as h ­ 2 lnftan uy2g and u is the polar angle
with respect to the proton beam direction. Such an EM
cluster was identified as an electron if (i) the ratio of
EM energy to the total shower energy was greater than
0.9; (ii) the lateral and longitudinal shower shapes wereconsistent with those of an electron; (iii) the isolation
variable of the cluster was less than 0.1, where isolation
is defined as I ­ fEtots0.4d 2 EEMs0.2dgyEEMs0.2d, and
Etots0.4d is the total calorimeter energy inside a cone
of radius R ; psDhd2 1 sDfd2 ­ 0.4, where f is the
azimuthal angle around the beam axis and EEMs0.2d is the
EM energy inside a cone of radius 0.2; and (iv) a matching
track was found in the drift chambers. The W ! en
decay was identified by an electron with EeT . 25 GeV
and missing transverse energy EyT . 25 GeV forming a
transverse mass MenT ­ f2E
e
T EyT s1 2 cosfendyc4g1y2 .
40 GeVyc2, where fen is the angle between the $ET and
$EyT vectors.
Jets were reconstructed using a cone algorithm with
radius R ­ 0.3 and were required to be within jhj , 2.5.
The jet energies were corrected for detector effects: jet
energy scale calibration and out-of-cone showering, for
energy from the underlying event, and for energy loss
due to out-of-cone gluon radiation [7]. We required
that a candidate event contain at least two jets with
E
j
T . 20 GeV and that the dijet invariant mass (the
largest invariant mass if there were more than two jets
with EjT . 20 GeV in the event) satisfy 50 , mjj ,
110 GeVyc2, consistent with W and Z boson masses.
Monte Carlo studies showed that the standard deviation
of the dijet invariant mass distribution of the signal
events is 15 GeVyc2. The above selection criteria yielded
84 candidate events.
The trigger and electron selection efficiencies were
measured [8] using Z ! ee events. The product of these
efficiencies was found to be 0.78 6 0.02 in the central
calorimeter and 0.62 6 0.01 in the end calorimeters.
The W ! jj selection efficiency was parametrized as a
function of pWT , as shown in Fig. 1. This was estimated
using events generated with the ISAJET [9] and PYTHIA [10]
programs, followed by a detailed simulation of the DØ
detector based on the GEANT package [11] and application
of our event selection criteria. The rolloff of efficiency
in the pWT region beyond ,350 GeVyc is due to merging
of the two jets from the W or Z boson. The use of a
cone size as narrow as R ­ 0.3 for jet reconstruction
FIG. 1. Total efficiency for W ! jj selection as a function
of pWT , estimated using the ISAJET (solid) and PYTHIA (dashed)
generators followed by a full detector simulation.3305
VOLUME 77, NUMBER 16 P HY S I CA L REV I EW LE T T ER S 14 OCTOBER 1996ensures that the loss of efficiency occurs only for W and
Z bosons with transverse momenta greater than expected
from the coupling parameter values studied. The Z ! jj
efficiency was obtained in a similar manner. In estimating
the detection efficiencies of the WW sWZd process, we
used the W sZd ! jj efficiency obtained from ISAJET,
which is smaller than that from PYTHIA and therefore gives
more conservative limits on the coupling parameters.
We calculated the overall event selection efficiency as a
function of the coupling parameters using a fast detector
simulation program which incorporates the efficiencies
described above and the detector resolutions [7]. The
WW sWZd events were generated with the Monte Carlo
program of Zeppenfeld [1,12], in which the processes were
generated to leading order, and higher order QCD effects
on the cross section were approximated by a factor K ­
1 1 89 pas ­ 1.34. We included the pT distribution of
the ISAJET WW events in the simulation of the WW sWZd
production. We calculated the total efficiency for SM
couplings to be 0.15 6 0.02 for WW and 0.16 6 0.02 for
WZ. The error is 13%, which is the addition in quadrature
of the uncertainties on the electron trigger and selection
efficiencies (2%), on the W sZd ! jj efficiency due to
the difference between the ISAJET and PYTHIA programs
(9%), the statistics of the Monte Carlo samples (4%),
EyT smearing (6%), and jet energy scale (6%). Therefore
3.2 6 0.6 WW and WZ events are expected based on the
SM (2.8 6 0.6 WW events plus 0.4 6 0.1 WZ event).
The error here is the sum in quadrature of the uncertainty
in the efficiency above and that of the higher order QCD
corrections to the signal prediction (14%) [5].
The background estimate, summarized in Table I, in-
cludes contributions from multijet events, where a jet
was misidentified as an electron and there was signif-
icant (mismeasured) missing transverse energy; W1 $
2j events with W ! en; tt ! W1W2bb ! enjjX;
WW sWZd with W ! tn followed by t ! enn; and
ZX ! eeX, where one electron was not identified.
The multijet background was estimated from the
data by measuring the EyT distribution of a background-
dominated sample, which was obtained by selecting
events containing an EM cluster that failed at least
one of the electron identification requirements (ii) to
(iv) described previously (shower shape, isolation, or
TABLE I. Summary of enjj data and backgrounds.
Background source enjj events
Multijets 12.2 6 2.6
W1 $ 2j 62.2 6 13.0
ttsmt ­ 180 GeVyc2d 0.87 6 0.12
WW , WZ ! tnjj 0.22 6 0.02
ZX ! eeX 0.0010.3420.00
Total background 75.5 6 13.3
Data 84
SM WW 1 WZ prediction 3.2 6 0.63306track match). The EyT distribution of this sample was
scaled to match the candidate sample in the region
0 , EyT , 15 GeV (before the EyT requirement was
applied), where the contribution of signal events is
negligible; then the portion of this distribution pass-
ing the EyT requirement (EyT . 25 GeV) was taken
as our estimate of the multijet background, giving
12.2 6 2.3sstatd 6 1.1ssystd events. The W1 $ 2j
background was estimated using the VECBOS Monte
Carlo program [13], with Q2 ­ m2W , followed by parton
fragmentation using the ISAJET program and a detailed
detector simulation. We normalized the number of
VECBOS W1 $ 2j events to the number of observed
W1 $ 2j events (after multijet events were subtracted)
outside of the dijet mass signal region. This yielded
6 W1 $ 2j background events inside the mjj signal
region, where the statistical uncertainty is due to the size
of the VECBOS W1 $ 2j event sample and of all samples
used to calculate the normalization factor (13%), and the
systematic error is due to the normalization and to the
jet energy scale correction (16%). The W1 $ 2j cross
section obtained with this normalization procedure was
consistent with the VECBOS prediction. The backgrounds
due to tt ! W1W2bb [14], WWsWZd ! tnjj [1], and
ZX ! eeX were estimated using the ISAJET program
followed by the GEANT detector simulation and found to
be small. The total background from all sources was esti-
mated to be 75.5 6 13.3 events. Therefore we observed
no statistically significant signal above the background.
Figure 2 shows the pT distribution of the en system of
the data events, background estimates, and Monte Carlo
predictions of WW and WZ production for SM couplings
and for one example with anomalous couplings.
Using the efficiencies for SM WW and WZ pro-
duction, the background-subtracted signal, the branch-
ing fractions BsW ! end, BsW ! hadronsd, and BsZ !
hadronsd from Ref. [15], and assuming the SM ratio of the
cross sections of pp ! W1W2X and pp ! W6ZX, we
set an upper limit at the 95% confidence level (C.L.) on
the cross section sspp ! W1W2Xd of 183 pb.
FIG. 2. pT distributions of the en system: data (points),
total background (solid), W1 $ 2 jets background (dotted),
and Monte Carlo predictions of WW and WZ production
with SM (dashed) and non-SM (dot-dashed, DkZ ­ Dkg ­ 2,
lZ ­ lg ­ 1.5) couplings.
VOLUME 77, NUMBER 16 P HY S I CA L REV I EW LE T T ER S 14 OCTOBER 1996FIG. 3 Contour limits on anomalous coupling parameters at the 95% C.L. (inner curves) and limits from S-matrix unitarity (outer
curves), assuming (a) Dk ; Dkg ­ DkZ , l ; lg ­ lZ ; (b) HISZ relations [17]; (c) SM WWg couplings; and (d) SM WWZ
couplings. L ­ 1.5 TeV is used for (a), (b), and (c); L ­ 1.0 TeV is used for (d). The SM prediction is Dk ­ 0, l ­ 0.The absence of an excess of events with high pWT ex-
cludes large deviations from the SM couplings. To set lim-
its on the anomalous coupling parameters, we performed a
binned likelihood fit on the entire pWT spectrum. For each
pWT bin in the likelihood fit, and for a given set of anoma-
lous coupling parameter values, we calculated the probabil-
ity for the sum of the background and the predicted signal
to fluctuate to the observed number of events. The uncer-
tainties in the efficiency, background estimates, integrated
luminosity, and higher order QCD corrections to the sig-
nal prediction were convoluted in the likelihood function
with Gaussian distributions. Our analysis is sensitive to
anomalous couplings at both large and small sˆ, since we
do not require high pWT , and therefore we retain events with
small sˆ [16].
We obtained limits on the coupling parameters using
four different assumptions of how the parameters are
related to each other [(a)–(d) below]. The 95% C.L.
contour limits are shown as the inner curves in Fig. 3,
along with the S-matrix unitarity limits, shown as the
outer curves, which are obtained by evaluating all (i.e.,
Wg, WW , and WZ) processes. The 95% C.L. limits onthe axes are listed in Table II. Two L values are used,
L ­ 1.5 TeV for (a), (b), and (c) and L ­ 1.0 TeV for
(d). These are values used in other measurements [3,5].
For (d), the results obtained with L ­ 1.5 TeV violate the
S-matrix unitarity limit (not shown).
In conclusion, we have searched for anomalous WW and
WZ production in the enjjX decay mode, and set limits
TABLE II. 95% C.L. limits with various assumptions.
Assumptions L sTeVd Limits on axes
sad Dkg ­ DkZ 1.5 20.9 , Dk , 1.1 sl ­ 0d
lg ­ lZ 20.6 , l , 0.7 sDk ­ 0d
(b) HISZ [17] 1.5 21.0 , Dkg , 1.3 slg ­ 0d
20.6 , lg , 0.7 sDkg ­ 0d
(c) SM WWg 1.5 21.1 , DkZ , 1.3 slZ ­ 0d
20.7 , lZ , 0.7 sDkZ ­ 0d
(d) SM WWZ 1.0 22.8 , Dkg , 3.3 slg ­ 0d
22.5 , lg , 2.6 sDkg ­ 0d3307
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Dk and l. The limits on l are comparable to those
measured using Wg production, whereas those on Dk
from this analysis are significantly better. The results
with assumption (c) are unique to WW sWZd production
since the WWZ couplings are not accessible with Wg
production. The limits on both Dk and l are significantly
tighter than those from the analysis using WW to dilepton
decay, due to the additional WZ production mode here,
and to the larger branching fractions of WsZd decaying to
hadrons than that ofW to en ormn in the dilepton analysis.
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